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Summary 
Nosema ceranae is a microsporidian parasite regarded as one of the emerging pathogens 
affecting honey bees worldwide. Originally found in the Asian honey bee A. cerana, its 
presence in Europe can be dated back to 1998. A temporal sequence of N=6 samples 
from Northwestern Italy from 1993 to 2010 was analyzed by PCR for the presence of N. 
ceranae and N. apis. N. ceranae was detected in 4 samples (1 from 1993, 1 from 1998, 2 
from 2010), N. apis was detected in 2 samples from 1993. The resulting N. ceranae 
sequence fragments showed 100% homology with N. ceranae Genebank-deposited 
sequences. Our data provide evidence that N. ceranae has been present in honey bees 
from NW Italy since at least 1993, and that the pathogen was introduced in honey bees in 
Europe well before its first report in 2005. 
 
 
 Nosema ceranae, originally described in the Asian honey bee Apis cerana, is 
considered an emerging infectious disease in Europe and in other countries where A. 
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mellifera is present (Fries, 2010). Nosema ceranae has spread rapidly across the world 
(Klee et al., 2007) and it is considered to be one of the risk factors related to “Colony 
Collapse Disorder” (CCD) (Williams et al., 2008; Paxton, 2010). We analyzed honey bees 
for the presence of Nosema ceranae in historic samples available at the bee archive of the 
Faculty of Agronomy, University of Turin, Italy, as well as in newly collected samples from 
the same area in Northwestern Italy; the available samples dated back to 1993. Adult 
bees were collected from 3 colonies in 1993 (San Raffaele Cimena, 45° 9′ 0″ N, 
7° 51′ 0″ E) and 1 colony in 1998 (Monteu Roero, 44° 46′ 49.08″ N, 7° 56′ 15″ E). Honey 
bees were also collected in 2010 from 2 colonies (Valfenera, 44° 54′ 0″ N, 7° 58′ 0″ E, 
and Grugliasco, 45° 4′ 0″ N, 7° 35′ 0″ E) (Table 1). Bees from each colony were stored in 
vials (one colony per vial) and frozen at -20°C until further processing. Abdomens of 10 
adult honey bees from each of the sampled colonies were macerated in 10 ml of saline 
solution (0.9% NaCl). Total genomic DNA was extracted by collecting 400 µl from each 
sample, and centrifuging it for 5 minutes at 16,000 g. Spores were further washed in 
Germination Buffer (De Graaf et al., 1993). Each sample was centrifuged at 16,000 g for 5 
minutes, the pellet washed with 200 µl saline solution (0.9% NaCl) and centrifuged again 
at 16,000 g for 5 minutes. Total genomic DNA was extracted from the pellet using Gen 
Elute Mammalian Genomic DNA extraction kit (Sigma-Aldrich; St. Louis, MO, USA) 
following the manufacturer’s instructions. Negative controls (purified water) were 
processed in parallel at all steps from extraction to amplification, to detect possible 
contamination, and all tested negative at PCR. All samples were double-tested by PCR 
according to the method described by Martin-Hernandez et al. (2007) in order to 
differentiate N. apis and N. ceranae. Resulting amplicons were separated on a 2% agarose 
gel, stained with GelRed Nucleic Acid Gel Stain in Water (VWR Int. Milano, Italy) with Pb 
100 Molecular Weight Marker (Sigma-Aldrich; St. Louis, MO, USA). N. ceranae positive 
samples were purified using the commercial kit NucleoSpin Extract II (Macherey-Nagel 
Int., Düren, Germany) following the manufacturer’s instructions for DNA gel extraction. 
Purified amplicons were ligated into the pDrive cloning vector and transformed into Qiagen 
EZ competent E. coli cells, as specified by the manufacturer (Qiagen PCR Cloning Kit Plus, 
Qiagen Int.; Milan, Italy). Cloned plasmid DNA was isolated using a QIAprep Spin Miniprep 
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Kit according to the QIAprep Miniprep Handbook (Qiagen Int.; Milan, Italy), dehydrated 
and sent to BMR Genomics (Padua, Italy) for sequencing. 
 Two of three samples from 1993 were positive for N. apis and one was also positive 
for N. ceranae by PCR (Table 1). The three samples from 1998 and 2010 were all positive 
for N. ceranae and negative for N. apis by PCR (Table 1). The N. ceranae 16 r-RNA gene 
sequence was confirmed from all three N. ceranae- specific PCR products from 2010 and 
1998, and in the one sample from 1993 harbouring both Nosema species (PCR amplicons 
specific fo N. apis and N. ceranae respectively were obtained from this sample, and 
sequenced separately). All samples positive for N. ceranae were cloned and sequenced to 
confirm PCR results. Sequences obtained were compared to the ones available in online-
databases. All showed 100% homology with already available N. ceranae sequences. All 
four sequences were submitted to GeneBank (www.ncbi.nlm.nih.gov) and assigned 
Accession Nos. HM859896 to HM859899. All sequences obtained in the present study 
were identical apart from one single nucleotide at position 34; samples N076-10 
(HM859899) and N099-93 (HM859897) had a guanidine, while samples N050-98 
(HM859896) and N063-10 (HM859898) had an adenine.  
 Nosema ceranae was recently reported to infect A. mellifera in Europe (Higes et al., 
2006) and across the world (Klee et al., 2007). Several authors claimed that this emerging 
pathogen is involved in the honey bee CCD syndrome based on both field and 
experimental data (Williams et al., 2008; Alaux et al., 2011).These reports seem to 
indicate that N. ceranae has been introduced in Northern Europe at least since 1998 
(Paxton et al., 2007). However there is no other evidence of N. ceranae’s presence in 
honey bees in Europe before 2005 (Fries, 2010). Our data show that N. ceranae has been 
present in NW Italy since 1993. The finding of N. ceranae spores from adult bees collected 
and stored in 1993 suggests that this pathogen was present in Europe well before its first 
description in 2005.  
 Apparently there are no differences in the N. ceranae sequences from bees 
collected in 1993, in 1998 and in 2010, similar to the findings of Williams et al. (2008) who 
found that only one N. ceranae haplotype is present in North American honey bee 
colonies. This could be due to the small sequence amplified by the PCR protocol we used, 
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but also to the short period from its introduction in the area or, more likely, to a founder 
effect due to a single source. 
 In spite of the few available samples, we suggest N. apis may be displaced by N. 
ceranae, but any conclusion could be made only if more historic samples become 
available. Nosema diagnosis has been undertaken traditionally by optical microscopy. We 
lack data on the introduction and spread in the 1990s of N. ceranae, which has possibly 
been misdiagnosed as N. apis for decades. The finding of N. ceranae in 1993, 5 years 
before its first report in Fennoscandia (Paxton et al., 2007), could support the hypothesis 
that N. ceranae was first introduced in Southern Europe and lately spread across the 
continent and, by bees and bee-product trade, to other parts of the world.  
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Year Sample 
ID 
Origin N. apis PCR 
(Martin-Hernandez 
et al., 2007) 
N. ceranae 
PCR (Martin-
Hernandez et al., 
2007) 
GenBank Accession 
no. 
N. ceranae 16S ribosomal RNA 
gene partial sequence 
1993 
N097-93 San Raffaele 
Cimena 
negative negative -- 
N098-93 San Raffaele 
Cimena 
positive negative -- 
N099-93 San Raffaele 
Cimena  
positive positive HM859897 
1998 
N050-98 Monteu 
Roero 
negative positive HM859896 
2010 
N063-10 Grugliasco negative positive HM859898 
N076-10 Valfenera negative positive HM859899 
 
Table 1. Adult honey bee samples collected and tested by PCR for the presence of 
Nosema ceranae and Nosema apis DNA from North West Italy.  
 
 
